INTRODUCTION
Early Miocene basic pyroclastic rocks are widely distributed in the Tanzawa Mountains, about 70km west of Tokyo, central Japan (Fig. 1 ). These pyroclastic rocks (roughly 10,000 meters in total thick ness) suffered low-grade metamorphism of regional scale ranging from the zeolite facies to the amphibolite facies (Seki et al., 1969; Shimazu et al., 1971) . As the result, various kinds of clay minerals occur associated with zeolites, prehnite, pumpellyite and epidote in the low-grade metamorphosed rocks.
For the last few years, the present writer has been conducting a mineralogical study of various kinds of clay minerals found in the Miocene pyroclastic sediments (Green Tuff) in Japan. The purpose of the present paper is to describe some mineralogi cal data of clay minerals in the Tanzawa Mountains and to discuss their origin and petrological significance.
GEOLOGICAL SETTING
The geology of the Tanzawa Mountains has been surveyed in detail by many investi gators (Mikami, 1962; Ishihara, 1964; Shi Fig. 1 Geologic map in the eastern part of the Tanzawa Mountains (Shimazu et al., 1971 dispersed in distilled water. After settling for 8 hours, clay fractions less than 2 mic rons are collected from the dispersed-system and are concentrated by a centrifuge. A few drops of the concentrated fractions are smeared on the glass slide and dried in room air for X-ray analysis. The other fractions are also dried in room air for chemical, X ray and differential thermal analyses.
GENERAL DESCRIPTION OF METAMOR PHISM
Metamorphosed rocks in this district can be divided into the following seven zones, on the basis of the stability relation of some critical alteration products (Shimazu et al., 1971) :
Zone I: mordenite-stilibite-heulan dite-montmorillonite Zone IIa:
laumontite-saponite Zone IIb:
laumontite-prehnite-pum pellyite-chlorite/mont morillonite mixed-layer 
MINERALOGY OF ALTERATION PRO DUCTS
The modes of occurrence and mineralo gical properties of alteration products in the Tanzawa group exposed along R. Hayato are described in this section.
(1) Zeolites As given in Fig. 4 , heulandite and stilbite occur in the uppermost horizon (Susugaya subgroup) of the Tanzawa group (heulandite stilbite zone). Heulandite occurs in aggregate of tabular crystals with distinct cleavage, replacing glass shards or filling cavities. Stilbite associated with iron-rich saponite or montmorillonite also occurs replacing glass shards. Analcime is found in the middle to lower part of the heulandite-stilbite zone, filling cavities. Laumontite appears as a stable zeolite in the lower part of the Osawa formation to the upper part of the Karasa wagawa formation (laumontite zone), in which neither heulandite nor stilbite occur. Laumo ntite replaces plagioclases and volcanic glass shards, and sometimes fills interstitial spaces of pyroclastic rocks in close association with interstratified chlorite-saponite. Wairakite is found in a Emitted area in the uppermost member of the Hontanigawa formation. It fills cavities in association with prehnite, pumpellyite and epidote. (2) Other minerals Prehnite and pumpellyite appear as co mmon alteration products in the lower part of the Karasawagawa formation and the Hontanigawa formation(prehnite-pumpellyite zone). They are associated with chlorite and/or interstratified chlorite-saponite in the Karasawagawa formation, although the interstratified mineral disappears in the Hontanigawa formation. spacing at 1.50 A gives clearly a diocta hedral structure.
Iron-rich saponite with 1.53 A of (060) spacing is widely observed in upper horizon of the Tanzawa group. It occurs as intersti tial-film and aggregate of microcrystals re placing glass shards associated with heulan dite, stilbite and analcime. Differential thermal analysis (DTA) curves of the iron Although the total number of octahedral cations becomes close to ideal one 3, the deficiency still remains. X-ray powder diffraction data of iron-rich saponites (H-9 and H-38) are given in Table 2. (B) Interstratified mineral of chlorite and saponite
As shown in Fig. 4 , regularly inter stratified mineral of chlorite and saponite appears extensively ranging from the lau montite zone to upper part of the prehnite pumpellyite zone in the Karasawagawa for mation. In the laumontite zone, the inter stratified chlorite-saponite occurs replacing glass shards and filling interstitial spaces as cement of the pyroclastic rocks. These interstratified minerals are associated with of this chlorite, however, is almost the same to that of normal chlorite (Fig. 13) .
(b) Chlorite in the laumontite zone: Chlorite associated with interstratified chlorite-saponite is commonly found in the laumontite zone. Specimen H-28 occurs as interstitial-film associated with laumontite 
DISCUSSION
Clay minerals such as iron-rich sapo nite, interstratified chlorite-saponite and chlorite occur extensively in the low-grade metamorphic rocks of the Tanzawa Moun tains. In the light of some field evidences, iron-rich saponite seems to convert gradually into chlorite through interstratified mineral with increasing metamorphic grade. The crystallochemical change from saponite to chlorite, however, is not so clear.
Eckhardt (1958) The paragenetic relations between clay minerals and Ca Al silicates in the Tanzawa group are summarized as follows: Yoshimura (1964 Yoshimura ( , 1971 reported that the stable association of laumontite and in terstratified chlorite-montmorillonite is com monly recognized in the Miocene pyroclastic rocks from the Oshima-Fukushima district, Hokkaido. Afterwards, many investigators reported the similar mode of occurrence of the interstratified mineral from the Green Tuff region of Japan (Seki et al., 1969; Kimbara, 1970; Motojuku Research Group, 1970; Shimazu et al., 1971; Kimbara and Sudo, 1973) . Kossovskaya (1972) reported an occurrence of laumontite associated with 
